ABSTRACT. The association of the programmed cell death-1 PD1.5 C>T polymorphism with cervical cancer risk has not been investigated. In this hospital-based case-control study, we analyzed 256 patients with cervical cancer and 250 healthy controls. Pearson chi-square test was used to examine differences in the distribution of genotypes between cases and controls. Association between the polymorphism and the susceptibility to cervical cancer was evaluated using unconditional logistic regression analysis. This revealed that the frequencies of the three genotypes (CC, CT, and TT) in cervical cancer cases and controls were 17.58, 65.23, and 17.19% and 24.80, 40.40, and 34.80%, respectively; the difference between the two groups was significant (P < 0.001). We found that the CT genotype was significantly associated with increased cervical cancer risk (adjusted OR = 2.18; 95%CI = 1.37-6.11; P = 0.009). Moreover, there was significant association between PD-1.5 C/T polymorphism and susceptibility to cervical cancer under dominant model (OR = 1.27, 95%CI = 1.01-2.15, P = 0.047). We conclude that the PD-1.5 C/T polymorphism may be associated with increased risk of cervical cancer. The study also highlights the importance of conducting genetic association studies in different ethnic populations.
INTRODUCTION
Cervical cancer is the third most commonly diagnosed cancer and the fourth leading cause of cancer death in women, accounting for 9% (529,800) of all new cancer cases and 8% (275,100) of all cancer deaths among women in 2008 in the world (Jemal et al., 2011) . The important roles of genetic factors in cervical cancer pathogenesis are underscored by the findings that cervical cancer exhibits a significant familial clustering; first degree relatives of patients have double the risk of developing cancer (Magnusson et al., 1999) . A few risk-modulating variants for cervical cancer have been identified by a candidate gene association study. The genes that are associated with cervical cancer susceptibility are involved in DNA repair, cell cycle and apoptosis, cell proliferation and differentiation, the human leukocyte antigen system, and various immune responses (Ferguson et al., 2012; Safaeian et al., 2012) .
The human programmed death-1 (PD-1) gene, which encodes the PD-1 protein, is located on chromosome 2q37.3. A role for PD-1 in human diseases was first proposed in genetic studies reporting a correlation of PD-1 polymorphisms with susceptibility to systemic lupus erythematosus (SLE) (Prokunina et al., 2002) . Following this, many researchers began to study the potential impact of PD-1 variants on the pathogenesis of several autoimmune diseases, including ankylosing spondylitis (AS), SLE, rheumatoid arthritis (RA), and type 1 diabetes (T1D) (Bertsias et al., 2009; Tahoori et al., 2011; Qian et al., 2013) . However, little is currently known about the role of PD-1 genetic variants in cancer to date.
Previously, Mojtahedi et al. (2012) found that the PD-1.5 C/T polymorphism was significantly associated with colon cancer. Hua et al. (2011) found that heterozygosity of the CT allele of PD-1.5 was present at a lower frequency in breast cancer cases in comparison with controls (P = 0.004), and the frequencies of CC genotype and C allele were higher in breast cancer cases (P = 0.003 and P = 0.010, respectively). Moreover, the CC genotype and the C allele might play a potential risk role in breast cancer (Hua et al., 2011) . Savabkar et al. (2013) found that the PD-1.5 C/T polymorphism might affect gastric cancer risk and prognosis in an Iranian population. However, the association of the PD-1.5 C>T polymorphism with cervical cancer risk has not been investigated. Therefore, in the present study, we sought to determine the association between PD-1.5 C>T polymorphism and cervical cancer risk in a Chinese population.
MATERIAL AND METHODS

Study population
In the present case-control study, a total of 256 patients with a determined stage, histological grade, and cervical tumor type, based on the International Federation of Gynecology and Obstetrics (FIGO) staging system, were included between May 2012 and February 2014 in the Department of Gynecology, Weifang Traditional Chinese Hospital. Two hundred fifty healthy female controls were recruited when they were attending a clinic for routine examination. All individuals were interviewed by trained nurse-interviewers using a structured questionnaire that detailed their age, body mass index (BMI), and menopausal status. Informed consent was obtained from all patients and control subjects. The study methods were approved by the local Ethical Committee of the Weifang Traditional Chinese Hospital.
DNA extraction and genotyping
A 5-mL sample of venous blood was collected from each subject into a test tube containing EDTA as anticoagulant. Genomic DNA was extracted from peripheral whole blood using High Pure PCR Template Preparation Kit according to the manufacturer protocol. Nested polymerase chain reaction-restriction fragment length polymorphism (nested PCR-RFLP) method was used for determination of the C/T polymorphism status at the PD-1.5 position. The PCR products were then subjected to an RFLP reaction with restriction enzyme PvuII and incubated at 37°C overnight. Finally, the products were analyzed using 3% agarose gel electrophoresis and ethidium bromide staining. The resulting bands were 89 bp (CC), or two fragments of 48 and 41 bp (TT).
Statistical analysis
Genotype frequencies in the control group were checked for the Hardy-Weinberg equilibrium by using a goodness-of-fit c 2 -test. Pearson Chi-square test was used to examine distribution difference of genotypes between cases and controls. Association between the polymorphism and the susceptibility to cervical cancer was evaluated using unconditional logistic regression analysis, adjusted by age, age at first sexual intercourse, and smoking status. These statistical analyses were done with the SPSS software program (version 18.0, SPSS Inc., Chicago, IL, USA). All statistical tests were two-sided and a P value of less than 0.05 was used as the criterion of statistical significance.
RESULTS
Characteristics of cervical cancer patients and controls
The frequency distribution of general characteristics of the cervical cancer patients and controls is presented in Table 1 . There was no significant difference between the two groups in terms of age distribution (P = 0.711) suggesting that matching of subjects based on this variable was adequate. There was no significant difference between cases and controls in the distribution of age at primiparity (P = 0.304). Nevertheless, as shown in Table 1 , HPV infection (P < 0.001) and smoking status (P = 0.004) were associated with a significantly increased risk of cervical cancer.
Genotypes and alleles frequencies of the PD1 gene polymorphism (PD-1.5 C/T) among cervical cancer patients and controls
We detected three genotypes for the PD-1.5 C/T polymorphism, including CC, CT, and TT, among the Chinese Han women. The genotype distribution in the control group was in Hardy-Weinberg equilibrium (P > 0.05). The allele and genotype frequencies of the PD-1.5 C/T polymorphism are summarized in Table 2 . Specifically, the frequencies of the three genotypes (CC, CT, and TT) in cervical cancer cases and controls were 17. 58, 65.23, 17.19% and 24.80, 40.40, and 34 .80%, respectively; the difference between the two groups was significant (P < 0.001). The frequency of the T allele was lower in cervical cancer cases than in healthy controls (49.80 vs 55.00%). However, no statistically significant difference was observed between the two groups (P = 0.102). 
Association of PD1 gene polymorphism (PD-1.5 C/T) with cervical cancer risk
We found that the CT genotype was significantly associated with increased cervical cancer risk (adjusted OR = 2.18, 95%CI = 1.37-6.11, P = 0.009). However, the TT genotype was not significantly associated with cervical cancer risk (adjusted OR = 0.89, 95%CI = 0.67-2.29, P = 0.363). We found that T allele was not significantly associated with risk of cervical cancer (OR = 0.98, 95%CI = 0.67-1.71, P = 0.769). There was significant association between PD-1.5 C/T polymorphism and susceptibility to cervical cancer under dominant model (OR = 1.27, 95%CI = 1.01-2.15, P = 0.047). However, there was no significant association between PD-1.5 C/T polymorphism and susceptibility to cervical cancer under the recessive model (OR = 0.91, 95%CI = 0.87-1.78, P = 0.819, shown in 
DISCUSSION
The etiology of cervical cancer is a complex, multistep, and multifactorial process. Although age of first intercourse, number of sexual partners, more parities, cigarette smoking, race, and low socioeconomic status are consistently shown as risk factors for cervical cancer, none of these has proven a significant and independent risk factor (Schoell et al., 1999) . At present, it is widely accepted that infection of oncogenic human papillomaviruses (HPVs), predominantly HPV-16 and HPV-18, is the major risk factor for the development of cervical cancer (Franceschi, 2005) . However, only a small proportion of such HPV-infected cases progress to cervical cancer (Walboomers et al., 1999) , which indicates that HPV infection is a necessary, but not sufficient, condition to develop cervical cancer. Thus, other factors associated with increased susceptibility, such as genetic background, might be required. Recently, host genetic factors (and in particular, single nucleotide polymorphisms) are considered important determinants of the susceptibility of individuals to specific malignancies. The humoral immune system plays a crucial role in preventing and eliminating tumors, and can influence the development of cervical cancer. The most important anti-tumor immune response is mediated by T lymphocytes. Therefore, it is logical to suspect that polymorphisms of immune response-related genes that regulate T lymphocyte activation and proliferation might contribute to cervical cancer pathogenesis. The PD-1 molecule, a receptor of the CD28 family, is a well characterized negative regulator of T cells through its delivery of inhibitory signals. It is expressed on peripheral CD4+ and CD8+ T cells, natural killer T (NKT) cells, B cells, and some dendritic cell (DC) subsets upon their activation (Keir et al., 2008) . The human gene encoding PD-1 is located on 2q37.3. It encodes a 55-kDa typeI transmembrane glycoprotein. The extracellular domain of PD-1 is an immunoglobulin-like structure and its cytoplasmic tail contains an immunoreceptor tyrosine-based inhibitory motif (ITIM). Interaction between PD-1 and its ligands PD-L1 (B7-H1; CD274) or PD-L2 (B7-DC; CD273) can activate the cytoplasmic ITIM of PD-1 and induce inhibitory signals that attenuate T-lymphocyte activation and proliferation, suppress cytokine secretion, induce T cell apoptosis, and maintain peripheral tolerance (Freeman et al., 2000; Latchman et al., 2001; Nishimura and Honjo, 2001) . PD-L1 is highly expressed on a variety of solid tumors and its increased expression in carcinomas can contribute to tumor evasion of the immune system, thereby engendering a poor clinical prognosis (Blank et al., 2005; Dong et al., 2002; Ghebeh et al., 2006; Ohigashi et al., 2005; Thompson et al., 2006) . Previously, Mojtahedi et al. (2012) found that the PD-1.5 C/T polymorphism was significantly associated with colon cancer. The frequency of the CT genotype was significantly higher in colon cancer patients than in control individuals (58.3 vs 44.8%, Bonferroni corrected P value = 0.024; OR = 1.74; 95%CI = 1.15-2.62) (Mojtahedi et al., 2012) . Hua et al. (2011) found that CT heterozygosity at the PD-1.5 loci was present at a lower frequency in breast cancer cases in comparison with controls (P = 0.004), and the frequencies of the CC genotype and C allele were higher in breast cancer cases (P = 0.003 and P = 0.010, respectively). Moreover, the CC genotype and C allele are potential risk factors in breast cancer (Hua et al., 2011) . Savabkar et al. (2013) found that the PD-1.5 C/T polymorphism might affect the risk of gastric cancer and prognosis in an Iranian population.
In the present study, we detected three genotypes for the PD-1.5 C/T polymorphism, (including CC, CT, and TT) among Chinese Han women. The genotype distribution in the control group was in Hardy-Weinberg equilibrium. The frequencies of the three genotypes (CC, CT, and TT) in cervical cancer cases and controls were 17. 58, 65.23, 17.19% and 24.80, 40.40, and 34.80%, respectively ; the difference between the two groups was significant. We found that the CT genotype was significantly associated with increased cervical cancer risk. Moreover, there was a significant association between PD-1.5 C/T polymorphism and susceptibility to cervical cancer under the dominant model.
In conclusion, the PD-1.5 C/T polymorphism may be associated with increased risk of cervical cancer. The study also highlights the importance of conducting genetic association studies in different ethnic populations.
